The parameters generated by a curve fitting method on the visual attentional blink (AB) of 14 dyslexic and 14 control children were compared. The two groups differed on AB minimum parameters, whereas both AB duration and AB amplitude parameters were the same. The results suggest that low AB minimum is associated with poor reading. Moreover, phonological awareness was found to correlate with visual AB parameters in the dyslexic group. Overall, the present study provides new methodological insights regarding the assessment of the AB and visual sequential processing in relation to reading disorders.
Introduction
Developmental dyslexia is a specific reading disorder that occurs despite normal intelligence, normal teaching and in the absence of any psychiatric or sensory disorder. The most documented hypothetic cause of the reading disorder is a phonological deficit (Vellutino, Fletcher, Snowling, & Scanlon, 2004 for a review), and has further been assumed to stem from temporal processing difficulties in the auditory modality (Tallal, 1980) . In addition to the auditory modality, temporal processing in the visual domain has been shown to be affected in dyslexia (Farmer & Klein, 1995) . However, the causal role of visual deficits to the reading disorder has been hotly debated (e.g., Skottun & Skoyles, 2006) .
To unify and account for amodal temporal deficits in the framework of developmental dyslexia, Hari and Renvall (2001) proposed that sluggish attentional shifting (SAS) would prevent dyslexic individuals from disengaging their attentional focus fast enough from a stimulus to re-engage on the next one. SAS would therefore degrade the processing of essential cues in both phonological (auditory) and graphemic (visual) representations' the build up processes. Visual SAS in developmental dyslexia has preferentially been investigated through the attentional blink (AB; e.g., Hari, Valta, & Uutela, 1999; Lacroix et al., 2005) . The visual AB reflects processing difficulties occurring in rapid serial visual presentation paradigms: When faced to stimulus streams, participants typically fail to detect a second target (T2) shortly presented after a first tobe-identified target (T1). A deficit in such dual tasks, compared with single tasks (i.e., one single target to be processed), reflects temporal constraints of visual attention such as the ''attentional dwell time" (Duncan, Martens, & Ward, 1997) .
Research conducted on the AB in impaired readers has given rise to discrepant results and has been the subject of criticism on several grounds (Badcock, Hogben, & Fletcher, 2008) . While some studies showed AB deficits in dyslexic participants (Facoetti, Ruffino, Peru, Paganoni, & Chelazzi, 2008; Hari et al., 1999; Lallier, Donnadieu, Berger, & Valdois, 2010; Visser, Boden, & Giaschi, 2004) , others have failed to reveal atypical AB pattern in these individuals (Badcock et al., 2008; Buchholz & Davies, 2007; Lacroix et al., 2005) . Overall, previous AB studies conducted in dyslexic participants suffer from a lack of homogeneity regarding either the characterization of the deficit, or the method used to measure it (e.g., dual task and/or single task group comparisons). For example, AB deficits have been attributed to a duration deficit and/or to a dual task's cost deficit regardless of temporal features.
This lack of a concise definition of the deficit could, in part, be attributed to the complexity of the AB phenomenon. Indeed, the AB could be defined as a function of four parameters (lag-1 sparing, duration, minimum and amplitude) as illustrated by the AB curve fitting method developed by Cousineau, Charbonneau, and Jolicoeur (2006) : lag-1 sparing refers to the rapidity at which T1 processing negatively impacts on T2 performance; AB duration corresponds to the attentional dwell time; AB minimum is the worst performance on T2 detection; and AB amplitude refers to the difference between the worst and the best T2 detection performance. Using the curve fitting method, it becomes possible to quantify the deficit with specific parameters, and strengthen the statistical power for group comparisons on AB performance.
The aim of the present study is to parameterize the visual AB in dyslexic children following Cousineau et al.'s (2006) model. So far, AB duration, AB minimum and AB amplitude have been discussed in relation to reading disorders, and have been found to be impaired in participants exhibiting severe (i.e., dyslexic participants) or mild (i.e., non dyslexic participants) reading impairments. It has also been proposed that longer AB duration would be restricted to dyslexic readers and that greater AB depth (minimum) would characterize poor readers only (La Rocque & Visser, 2009 ). However, deficits on both AB duration and AB minimum have been reported in the same dyslexic participants (Facoetti et al., 2008; Hari et al., 1999) as well as deficits on AB duration and AB amplitude . Moreover, the three parameters because they are known as correlating (Cousineau et al., 2006 ) might be simultaneously altered in developmental dyslexia. Using the curve fitting method (Cousineau et al., 2006) and a rigorous control baseline between groups (Badcock et al., 2008) , the present study seeks to disentangle in a stringent way whether any parameter would be atypical in phonological dyslexic children, and if so, which one(s).
Materiel and method

Participants
Fourteen dyslexic children (11 years 3 months) and 14 agematched control children (10 years 8 months) took part in the experiment. We were unable to use a strict inclusion criterion regarding the age of dyslexic participants for practical reasons. As a result, the dyslexic group included two children in 3rd grade, three in 4th grade, six in 5th grade and three in 6th grade, while the control children were drawn from the 4th (three children) and 5th (11 children) grades only. Therefore, the mean chronological age of the final dyslexic group tend to be older than the control group (p = .054). All participants attended school regularly and had French as native language. They had normal or corrected-to-normal vision, normal hearing level, and no history of neurological or psychiatric disorders. The dyslexic children were recruited at the ''Centre référent des troubles des apprentissages" (Reference Centre for Specific Learning Disorders) of the Pediatric Department of the Hospital of Grenoble and the Neuropediatric Departement of the Kremlin-Bicêtre Hospital in Paris. The diagnosis of developmental dyslexia was established using both inventories and testing procedures in accordance with the guidelines of the ICD-10 classification of Mental and Behavioral disorders. All the dyslexic participants had normal IQ (full IQ superior to 85 on the WISC-III or WISC-IV, or a score superior to the 25th percentile on the Raven's Progressive Matrices; Raven, Court, & Raven, 1998) .
The two groups of children underwent clinical examination before the AB experiment in order to evaluate their reading skills. The ''Alouette" Reading Test (Lefavrais, 1967) was used to estimate the reading age of each child. The children were diagnosed as dyslexics if (i) their reading age was at least 18 months lower than expected according to their chronological age and (ii) they scored below À1.65 standard deviations from the mean score obtained by the corresponding age norm on the regular, irregular and pseudo-word reading lists, speed or accuracy (ODEDYS battery, Jacquier-Roux, Valdois, & Zorman, 2002 ; for the normative data, see Bosse & Valdois, 2009 ). Since the SAS theory assumes that both auditory and visual SAS would relate to phonological disorders, dyslexic children were further administered two phonological tasks (EVALEC battery, Sprenger-Charolles, Colé, Béchennec & Kipffer-Piquard, 2005 ) including a phoneme awareness task (deletion of the first phoneme of consonant-consonant-vowel strings) and a phonological short-term memory task.
Characteristics of the two groups are provided in Table 1. 1 Dyslexic children presented a younger reading age as well as a greater reading delay than control children (for the two adjusted zs, ps < .001). In addition, the two groups differed on the three reading lists for both speed and accuracy measures, showing that the dyslexic group exhibited poorer reading skills than the control group (for all ts or adjusted z, ps < .001). Moreover, the dyslexic group was impaired on the phonological short-term memory task (p < .05) and showed marginally poor phoneme deletion skills (p = 0.058; for the normative data of the phonological tasks, see Sprenger-Charolles, Cole, Béchennec, & Kipffer-Piquard, 2005).
Stimuli and procedure
Participants were tested individually on the AB task. The experiment took place in a moderately lit room. The stimuli were black or red digits (1-9) -12 Arial font subtending approximately 0.7°Â 0.7°of visual angle -presented on a gray background (red: 192, green: 192, blue: 192) . Stimuli were presented using E-prime software on a PC computer running Windows 2000. The computer screen was a 17-in. and had a refresh rate of 85 Hz. Each digit was displayed for 50 ms with an ISI of 66 ms, yielding a stimulus onset asynchrony of 116 ms. The viewing distance was 60 cm. Visual digits were displayed at the center of the screen according to a rapid serial presentation paradigm. Each trial consisted of 15, 19 or 23 digits. Fig. 1 illustrates the AB procedure.
The AB was measured in a dual task condition where T1 had to be identified and T2 had to be detected. T1 was the only red digit in the stream and could be either 1 or 5. T2 was the number 0 and was black like the distractors. Participants were also administered a single task condition where only T2 had to be detected. The single task was used to control that participants were able to process T2 when not preceded by the previous identification of T1. In the dual task condition, T1 was always present and T2 occurred randomly in half of the trials. The position of T1 was randomly permuted within trials so that it appeared as many times at positions 7, 11 or 15, and for a given trial, T1 was randomly chosen between the two digits 1 and 5. In the single task condition, T1 was replaced by a black digit. The stimuli for a given trial were randomly generated by the computer under the constraint that the same digit could not appear in the previous four positions. Each participant completed two successive blocks of 84 trials: a single task block followed by a dual task block. For the two blocks, seven lags between T1 and T2, from lag 1 (no intervening items, SOA = 100 ms) to lag 7 (SOA = 700 ms), were crossed with the three serial positions of T1. The experimental design of each block corresponded to 42 sequences [3(pre-T1 fillers) Ã 7(lag) Ã 2(T2 presence)] presented twice. T2 was presented 12 times at each lag. A practice block of 15 trials (where a feedback was given) was followed by the single task block. The experimenter initiated each trial and a fixation cross lasting 500 ms appeared at the center of the screen. One hundred milliseconds after the offset of the fixation cross, the stimulus stream was presented. After each trial, participants were instructed to report aloud whether T2 was present or not (yes or no answers). In the dual task condition, they further had to name T1 (i.e., 1 or 5). No feedback was given.
Data analysis
For each following analysis conducted, the assumptions have been checked (normality with Kolmogorov-Smirnov test; sphericity with Mauchly test; variance homogeneity with Levene test). In the results section adapted correction used will be mentioned in case of the assumptions were not respected.
Baseline performance assessment
To rule out additional deficits potentially affecting T2 detection performance in the dual task, two ANOVAs with group (control vs. dyslexic) as between-subject factor, and lag (1-7) as within-subject factor were carried out on T1 performance in the dual task and on T2 performance in the single task. The final participants were selected based upon their ability to perform the AB task (note that 27 control and 17 dyslexic children were initially assessed). Therefore, task sensitivity analyses for the dual and single task conditions were conducted. Participants performance had to fulfil the following criteria: (1) mean d 0 for T2 detection P2 for both the dual and single task conditions, (2) mean T2 detection performance P60% for the single task condition, (3) mean T1 detection performance P60% for the dual task condition, and (4) mean T2 detection performance P50% for the dual task condition.
2 This selection discarded the data of seven control and three dyslexic participants due to poor performance in the dual task condition (% or d 0 ). Then, control participants were selected in order to match the dyslexic group for both size (n = 14) and chronological age (p < .05).
AB assessment: T2 performance on dual task
For the AB parameters analysis, we used the program implemented by Cousineau et al. (2006) 3 executed by Wolfram Mathematica Ò 6 software in order to generate the individual AB functions. For each participant, the program generated four AB parameters (lag-1 sparing, duration, minimum and amplitude) based on the mean T2 detection performance, when T1 was correctly identified, at each temporal lags. AB analyses were conducted using an ANOVA with Group (control vs. dyslexic) as the between-subject factor, and lag (1-7) as the within-subject factor both on T2 performance in the dual task and on output parameter values. Correlation analysis between AB parameters and reading and phonological skills were also performed.
Results
Baseline performance assessment
The two analyses failed to reveal any Group or Lag main effects (ps > .05), although a marginal Group effect was found on T2 detection in the single task (F(1, 26) = 4.1, .05 < p < .06) suggesting that the dyslexic group tended to exhibit poorer detection skills (M = 78%, SD = 16%) than the control group (M = 85%, SD = 13%). The overall results however suggested that the control and dyslexic groups had high performance at all lags, i.e., T1 identification in the dual task exceeding 86%, and T2 detection in the single task exceeding 70%. Furthermore, the Group by Lag interaction on T1 identification was not significant (F < 2, p > .05) suggesting that performance of the two groups was similar over temporal lags. However, in order to assess the potential influence of temporal lags on T1 performance (since performance at later lags could mask early lag difference), we conducted additional group comparisons at each lags (Fig. 2a) , 4 but no difference was shown (all ps > .1). Concerning T2 detection in the single task (Fig. 2b) , performance of the two groups varied differently according to the temporal position of T2 (F(6, 156) = 2.2, p < .05). Since an absence of group difference was predicted on the single task, post hoc analyses were conducted using the non-conservative LSD test. At lag 2 only, dyslexic children showed poorer performance (M = 71%, SD = 16%) than control children (M = 88%, SD = 12%) [p < .01]. There was no other significant (or marginal, i.e., .05 < p < .08) Group difference for the other lags.
5 Table 1 Characteristics of control (n = 14) and dyslexic (n = 14) children regarding age, reading performance, and phonological performance. 2 Even though poor performance is expected for the first lags in the dual condition, this last criterion permits to ensure that the participants perform the dual task above chance level. 3 The free program script is available online at the following address: http:// www.mapageweb.umontreal.ca/cousined/papers/21-ABFitting/. 4 It could be argued that the group Ã lag interactions being not significant, it is not allowed to measure the group contrasts. However, our hypotheses on group differences are specific, and could be made ''a priori", i.e., group difference expected for earlier but not later lags. 5 A Mann-Whitney test was used to assess the group difference at lag 5 because of non respect of variance homogeneity.
AB assessment: T2 performance on dual task
A conventional Group by Lag AB analysis revealed a main Group effect (F(1, 26) = 6.3, p < .05) showing that dyslexic children exhibited difficulties as compared to control children in the dual task condition. There was also a Group by Lag interaction (F(6, 156) = 2.2, p < .05), illustrating that temporal deployment of visual attention differed between groups. Newman-Keuls post hoc tests showed a significant difference at lag 4 only (p < 0.5), with T2 detection being significantly lower for the dyslexic group (M = 56%, SD = 20%) than for the control group (M = 83%, SD = 15%). Based on previous literature on reading difficulties (La Rocque & Visser, 2009; Lallier et al., 2010) , the AB deficit found at lag 4 could be similarly explained by either atypically longer, or atypically deeper, or atypically longer and atypically deeper AB in dyslexic participants (Li, Lin, Chang, & Hung, 2004) . The parameter analysis was carried out in order to disentangle to what extend each AB parameter played a role in the dual task deficit. Fig. 3 illustrates the AB profile of the two groups.
There was no Group effect (p > .05), and no Group by Parameter interaction (F < 1, p > .05) on parameters output values. Based on specific a priori hypotheses regarding atypical parameters in dyslexic participants (i.e., duration, minimum, or amplitude), additional planned comparisons were carried out. The parameters values and p-values following group comparisons are presented in Table 2 .
No Group effect was obtained on AB duration (F < 1, ns). A Group effect was revealed for AB minimum, reflecting a lower minimum for the dyslexic group than the control group [F(1, 26) = 4.8, p < .05]. AB amplitude did not significantly differ between groups (F(1, 26) = 1.8; p = .19) such as lag-1 sparing (F(1, 26) = 1.3, p = .20). 6 In the whole sample (n = 28), partial correlations controlling for age revealed that AB duration did not correlate with AB minimum or AB amplitude (ps > .05), whereas the two latter parameters correlated with each other (r partial = À.74, p < .001). Regarding reading skills, a significant positive relation was found between AB minimum and reading age (r partial = .44, p < .05) in the whole sample. No other AB parameter correlated with any of the reading measures. Finally, correlation analyses showed that performance on the shortterm memory and phonemic deletion tasks positively correlated (r partial = .55, p < .05) showing that the two tasks measured similar processing. They also showed that the greater the AB amplitude, the higher the short-term memory skills (r partial = .65, p < .05) and the higher the phonemic deletion skills (r partial = .57, p < .05). Namely, high T2 performance was reached at earlier lags (i.e., faster) for dyslexic participants exhibiting good phonological awareness skills. However, based on the correlation found between low AB minimum and high AB amplitude in the whole sample, the opposite correlation should have been expected, i.e., the smaller the amplitude, the better the phonological skills and therefore the better the reading skills. When the potential influence of AB minimum on the correlation between phonological skills and AB amplitude was held constant, the relation between AB amplitude and short-term memory skills disappeared (r partial = .44, p = .15) but persisted and increased for phonemic deletion skills (r partial = .59, p < .05). No Fig. 2 . Mean performance (%) for the dyslexic (black lines) and the control (gray lines) groups together with standard error bars, on T1 identification in the dual task (A) and T2 detection in the single task (B). Significant differences between group across lags are indicated: ** p < .01. Fig. 3 . AB profiles obtained in the dyslexic (n = 14, black curve) and control (n = 14, gray curve) groups. The curves illustrate mean group performance in the dual task condition, based on the computed individual parameters. The crosses depict the mean group performance (%) at each lag in the dual task. Dotted lines depict standard error bars. Note that the fitted curves do not perfectly overlap crosses: whereas both the curves and crosses are a measure of between-subject variability (since based upon the average of individual ''sets of parameters" and ''percentage scores" respectively), only the curves depict the within-subject variability because parameters are generated based upon the seven lag performance of each participant.
Table 2
Mean parameters for control (n = 14) and dyslexic (n = 14) participants computed from the four estimated individual AB parameters. a Planned comparisons testing a priori hypotheses. 6 The parameter analysis was also conducted without taking into account the selection criteria regarding AB task performance. The three dyslexic participants previously excluded were therefore included, Seventeen control participants from the initial group were selected to match the dyslexic group for age (p > .05). Results showed a significant Group by Lag interaction on T2 detection in the single task, illustrating that the dyslexic group was poorer than the control group at lags 1, 2 and 5 (p < .01). Note that this result did not fulfill the ''good sensitivity" criteria on the single task. Planned comparison on parameters did not reveal any group difference.
additional correlation was found between phonological processing and any other AB parameters.
Discussion
The present study raised the question of AB investigation in relation to visual attentional sequential deficits in reading disorders. Here, we controlled for the good task sensitivity of both the dyslexic and the control groups, in both the dual and single tasks, and further showed that T2 performance did not differ between groups in the single task. Since we found a deficit at lag 2 on the single task in dyslexic participants, it could be considered that AB minimum deficit found in dyslexic children in the present study was driven by their slightly poorer performance on T2 detection in the single task. However, if T2 performance in the single task determined T2 performance in the dual task, a group difference would have been expected at lag 2 in the dual task, or reciprocally, at lag 4 in the single task because of the group difference found in the dual task. A few studies investigating visual AB in relation to reading controlled for single task performance between groups (e.g., Buchholz & Davies, 2007; Lallier et al., 2010; Visser et al., 2004) . However, we propose that this control is necessary to interpret the poor T2 performance of dyslexic individuals in the dual task as a consequence of prolonged attentional dwell time (Hari & Renvall, 2001 ) rather than of difficulties affecting the processing of a target in a stimulus stream.
In the present study, a classical AB analysis showed different temporal attentional skills between the two groups in the dual task, reflected by a group difference at lag 4. One may consider the drop of performance at lag 4 in dyslexic children as atypical regarding a prototypical AB pattern. It is important to bear in mind that we examined visual attentional skills in a very peculiar population including: (i) children, thus making the variability within groups greater (as compared to adults), (ii) dyslexic patients who are likely to exhibit highly heterogeneous symptoms and behavior (Ramus et al., 2003) . Importantly, a study of our team (Donnadieu, Berger, Lallier, Marendaz, & Laurent, 2010 ) used the same AB task in children with ADHD. Results clearly illustrate a minimum at lag 4 in those children, like in the present dyslexic population. Replicating similar results at lag 4 in another pathological population further likely to exhibit visual attention disorders similar to dyslexic children (e.g., Dhar, Been, Minderaa, & Althaus, 2008) , leads to reject the idea that performance at lag 4 is ''unusual" in our dyslexic participants. Note that still, performance at lag 3 could be considered as ''atypical". After inspection of the individual data, the possible ''unusual" performance at lag 3 appears to stem from two dyslexic participants exhibiting a high performance at lag 3 (100%) whereas performance at lag 2 or lag 4 were much lower (i.e., 25% and 20%, or 75% and 66%). To disentangle whether the group difference at lag 4 in the dual task was due to a duration deficit, a minimum deficit or even both (La Rocque & Visser, 2009 ), a curve fitting method and a parameter analysis were used. We found that AB duration was preserved in dyslexic children, therefore questioning the SAS theory's prediction (Hari & Renvall, 2001 ). In previous results on developmental dyslexia, AB duration was defined, in the dual task, as the number of lags where a group difference was observed (Facoetti et al., 2008; Hari et al., 1999; Lacroix et al., 2005; Lum, Conti-Ramsden, & Lindell, 2007) . We propose that such deficit at early lags (i.e., 100-500 ms) may correspond to the AB minimum deficit found in dyslexic children in the present study (see also Lum et al., 2007) .
In the parameter analysis, AB duration was defined as ''the width of the depressed region" (Cousineau et al., 2006, p. 175) regarding T2 performance. This definition implies that AB duration assessment starts when T2 detection drops, according to the classic AB definition referring to a deficit in visual attentional processing (Shapiro, Raymond, & Arnell, 1997) . Interestingly, lag-1 sparing parameter refers to the absence of T2 deficit when it is temporally adjacent to T1 as compared to the maximal T2 deficit when the two targets are separated by intervening distracters (Visser, Zuvic, Bischof, & Di Lollo, 1999 for a review). Therefore, performance sparing, i.e., at lag 1, could be excluded from the ''depressed region" defining AB duration. In former studies of AB duration however, lag-1 sparing effect was rarely mentioned (see however Lallier et al., 2010; Visser et al., 2004) . Therefore, previous studies measuring visual AB may not have assessed AB duration similarly as we did in the present study. Although the study of Amirault et al. (2009) does not investigate developmental dyslexia but autism, the results could illustrate why a potential lag-1 sparing effect might interfere with estimation of AB duration. This study showed that the control group was impaired in a dual task (compared to a single task) from lag 1 to lag 3 (i.e., no lag-1 sparing, AB lasting over 3 lags), whereas the autistic group exhibited a deficit from lag 2 to lag 4 (lag-1 sparing, AB lasting over 3 lags). Interestingly, the deficit was still present at lag 8 for the patient group but not for the control group. Since the authors did not provide performance at lags 5-7, for any of the two groups, it is uncertain whether the group difference at lag 8 stemmed from a deficit regularly observed over lags 5-7 for the autistic group. Therefore, when one takes into account the four first lags only, it might be considered that AB duration is the same but shifted by one lag in the group with lag-1 sparing, thereby leading to a spurious conclusion that the group that showed lag-1 sparing had a ''longer" AB. Overall, discrepancies between studies on AB duration in developmental dyslexia might stem from a lack of consistency regarding both the assessment and the definition of the deficit. Note that the age of dyslexic participants could be an additional methodological aspect important to take into account when visual rapid attentional shifting is assessed (Lallier et al., 2009) .
It may be however premature to reject the hypothesis of an AB duration deficit in developmental dyslexia. To answer this question, future studies should accurately define AB duration deficits and use adapted methods to assess the parameter. In addition, in the light of present and previous findings, AB duration and AB minimum may be two parameters tightly related (Cousineau et al., 2006) , such as showed in dyslexia studies where deficits on the two AB parameters were simultaneously observed Lum et al., 2007) . This double-deficit has also been found in ADHD (Li et al., 2004 ), in individuals with high level of impulsivity (Li, Chen, Lin, & Yang, 2005) and in depressive disorder (Rokke, Amell, Koch, & Andrews, 2002) . Intrigued by this double-deficit pattern, Li et al. (2004) proposed a theoretical model explaining both AB duration and AB minimum deficits in ADHD children. The model proposed is grounded in the two-stage model (Chun & Potter, 1995) and formalizes a module controlling the information stream from a first pre-central stage to a second central stage: the attentional gate. This control relies on opening and closing dynamics of the gate which allows a limited amount of information going through at each instant, in order to access the central stage. For example, Li et al. (2004) assume that the sluggishness of closing or re-opening dynamics of the attentional gate could lead to both deeper (lower minimum) and wider (longer duration) AB. The most plausible being that gate dynamics are sluggish as a whole, the 7 Furthermore, since performance was regularly assessed over a high number of short lags (i.e., 116 ms SOA for seven lags), the probability of observing at least one instance of atypical performance was increased. Dense sampling rates at shorter lags have not been systematically used to assess AB performance in previous studies on developmental dyslexia (e.g., Buchholz & Davies, 2007: tight relation between the two AB deficits would be explained. Given the well known co-morbidity of ADHD and dyslexia (e.g., Duncan et al., 1994) , SAS reflected by attentional disengagement (or gate closing) and re-engagement (or gate re-opening) could be involved in both AB minimum and AB duration deficits in dyslexia.
Going beyond investigation restricted to severe reading disorders, La Rocque and Visser (2009) claimed that dyslexic individuals could dissociate from normal readers on AB duration (Hari & Renvall, 2001 ) but that low-normal readers would differ from high-normal readers on the AB depth (i.e., minimum) only. This statement would assume differential deficits in dyslexic and non dyslexic poor readers on visual sequential processing. However, before such a conclusion, dyslexic and poor readers have to be assessed on the same task, with the same AB measurement methods and an AB duration deficit in the absence of any AB minimum deficit has to be reported in dyslexic readers but the opposite pattern in non dyslexic poor readers. The results of the present study however showed that dyslexic children differed from control children on AB minimum only. Correlation analyses controlling for chronological age further confirmed a significant relation between AB minimum and reading level, suggesting that low AB minimum was associated with reading difficulties such as observed in mild reading acquisition delay (see McLean, Stuart, Visser, & Castles, 2009) . The present findings then suggest that the investigation of AB minimum may be as important as the study of AB duration in relation to reading disorders, including both dyslexic and typical reading.
Lastly, it was predicted that AB performance would be linked to phonological skills within the dyslexic group (Hari & Renvall, 2001) . The positive correlation observed between AB amplitude and phonological skills in dyslexic children suggests that the higher the AB amplitude, the better the phonological skills. The polarity of this correlation was however unexpected given that high AB amplitude was also related to low minimum and low reading age in the whole sample. We then showed that AB amplitude still contributed to phonemic deletion performance in the dyslexic population even after the AB minimum influence was held constant. This result suggests that dyslexic individuals with the highest phonemic awareness skills rapidly recover normal high T2 performance regardless of AB minimum, and might therefore present milder (or no) visual SAS than their peers with poor phonemic awareness skills. Along these lines, Lallier et al. (2010) showed that a dyslexic adult presenting a severe phonological disorder measured by pseudo-word reading, spelling and phonological awareness, exhibited an atypical visual AB compared with a group of control adults. Overall, these results support the link between visual attentional shifting deficits and phonological disorders in developmental dyslexia, according to the SAS theory.
Conclusion
The present study evaluated visual SAS in dyslexic children with a new approach consisting in parameterizing the AB complex phenomenon. Although dyslexic children did not differ from control children on AB duration contrary to the SAS theory predictions, they exhibited a lower AB minimum. The literature and the present results suggest that AB minimum should be considered when AB deficits are assessed in relation to reading disorders, both in dyslexic and non dyslexic readers. In addition, it is suggested that SAS relates to the phonological disorder in developmental dyslexia. Future studies will have to determine methodological factors modulating AB deficits such as age, experimental procedure, or AB quantification methods. Overall, the present study recommends the use of parameters to characterize AB deficits in dyslexic individuals in a more stringent way.
